Much research has been done on means to minimize harmful side effects and to maintain drug levels in a therapeutically desirable range by employing porous structures as an inert matrix to provide controlled drug release.1-3) We have studied the employment of porous microspheres in the preparation of capsules containing a drug, and the drug release profiles from such porous microspheres. In previous papers,4,5) it was found that the amount of drug entrapped in porous microspheres was increased significantly by graft polymerization of methyl methacrylate into the microspheres, although the original microspheres had no ability to absorb the drug. Furthermore, pretreatment of the sphere surfaces and/or the internal parts of spheres with metal oxide before irradiation led to an increase in the amount of drug entrapped in the spheres and a decrease of the drug release rate. It was considered that interaction between the substrate and the drug was an important factor in entrapment of the drug.
In this report, polymer-coated porous microspheres containing salicylic acid as a model drug were prepared by graft polymerization of methyl methacrylate (MMA) and MMA containing amino esters such as dimethylaminoethyl methacrylate (DM) and diethylaminoethyl methacrylate (DE) by a pre-irradiation method. The effects of adding amino esters on the entrapment of salicylic acid into porous microspheres and on the release profile of salicylic acid are discussed. ( 1) where Wo and Wg are the weights of dry spheres before and after graft polymerization, respectively. Furthermore, the degree of grafting (G) was defined as follows: 
Results and Discussion
Graft Polymerization of MMA Containing Basic Monomer Monomer solutions were absorbed almost completely into spheres upon contact with irradiated spheres and graft polymerization was initiated immediately. On the other hand, unirradiated spheres absorbed monomer solution only slightly. Graft polymerization only occurred in the presence of 50%ethanol solution. These facts suggested that graft polymerization proceeded inside the spheres. Figure 1 shows that the weight of graft-polymerized DM-MMA and DE-MMA spheres increased with increasing reaction time. The degree of weight increase decreased with increasing content of DM or DE in the comonomer.
The variations of particle sizes of graft-polymerized DM-MMA and DE-MMA spheres are shown in Fig. 2 . In the dry state, the sizes of modified spheres were larger than that of the original spheres, and increased with increasing particle weight. Morever, the particle size increased with increasing content of amino ester in the comonomer. Graft copolymerization may proceed among the cellulose molecular chains in the spheres, causing distortion of the arrangement of cellulose chains and a consequent increment of particle size.
The densities of graft copolymers formed should not be very different, because the densities of poly-MMA, poly-DM, and poly-DE are 1.08, 1.15, and 1.14, respectively.6) DM-MMA copolymer obtained by copolymerization in the absence of spheres dissolved in water when the DM content in copolymer exceeded 20%. This suggests that the extension of the graft copolymer chains increased with increasing amount of DM. The differences of particle size at various values of monomer component content and monomer ratio may be due to different degrees of extension of the graft copolymer chains in the spheres in 50% ethanol solution.
The sizes of modified spheres in the wet state are also shown in Fig. 3 . In all cases, the particle sizes in the wet state were larger than those in the dry state. Similar results were also obtained as the content of amino ester in the comonomer was increased. Figure 4 shows the relationship between the weight swelling ratio of modified spheres in pH 1.2 hydrochloric acid solution and polymer fraction, where the polymer fraction represents the fractional weight of graft copolymer in modified spheres. The weight swelling ratio decreased linearly with increasing polymer fraction and the ratio became larger with increasing content of amino ester in the comonomer at a given polymer fraction. Furthermore, the weight swelling ratio of spheres of graft DM-MMA was bigger than that of DE-MMA at the same polymer fraction. These results clearly indicate that both the wet particle size and the weight swelling ratio of modified spheres are dependent on the extension of graft copolymer chains in the hydrochloric acid solution. Figure 5 shows the effect of dissolution media on the release of salicylic acid from spheres modified with MMA, where the weight increase of the spheres was about 300%. The maximum amount of released salicylic acid in pH 1.2 hydrochloric acid solution was about 70% of that in 50% methanol solution, and the dissolution time became about 30 times that in 50% methanol solution. When methanol was used as the dissolution medium, the maximum amount of salicylic acid released was the same as in 50% methanol solution. The solubility values of salicylic acid in methanol and hydrochloric acid solution were 40 g/100 g and 0.4 g/100 g, respectively. This indicates that salicylic acid entrapped in modified spheres is dissolved completely in the dissolution medium. The maximum amount of salicylic acid entrapped in spheres modified with MMA was determined by measuring the maximum amount of salicylic acid released in 50% methanol solution. Figure 6 shows the effect of dissolution media on the release of salicylic acid from spheres modified with MMA containing 10 mol% DM, where the weight increase of the spheres is about 200%. The maximum amount of released salicylic acid in pH 1.2 hydrochloric acid solution was greater than that in 50% methanol solution. The dissolution time in the former case was within 4 h. A similar tendency was observed in the dissolution test of spheres modified with DE-MMA. Furthermore, the maximum amount of salicylic acid released from spheres modified with DM-MMA was not affected by the pH of the dissolution medium, because the maximum amount of salicylic acid released in 0.1 N sodium hydroxide solution was the same as that in hydrochloric acid solution. These results suggest that salicylic acid is entrapped in modified spheres as a salt, and can be dissolved in the water. The maximum amount of salicylic acid entrapped in modified spheres was determined by measuring the maximum amount of salicylic acid released in pH 1.2 hydrochloric acid solution. Figure 7 shows the effect of grafting on the amount of salicylic acid entrapped in spheres. The amount of salicylic acid entrapped increased exponentially in the case of MMA and The molar ratio of salicylic acid entrapped by amino ester groups in graft copolymers is plotted against degree of grafting in Fig. 8 . given component ratio of 1 : 9, the molar raio of DE-MMA is higher than that of DM-MMA, whereas the molar ratio of DM-MMA decreased with increasing content of DM in the graft copolymer. The fact that the molar ratio was, independent of the degree of grafting suggests The symbols are the same as those in Fig. 1 .
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that salicylic acid was entrapped in the modified spheres as a salt. The pKb values of DM and DE are 6.04 and 5.34, respectively.6) This means that the degree of dissociation of DM is greater than that of DE. The difference in the amount entrapped in modified spheres between DM and DE is due to the different degrees of dissociation of these components. The extension of the graft copolymer chains in 50% ethanol solution increased with increasing DM content in the copolymer as described above. It is therefore suggested that the degree of extension of the graft copolymer chain affects the degree of dissociation of salts. Both the extension and the dissociation of graft copolymer chains are important for entrapping the drug.
In Fig. 9 , release profiles of salicylic acid in pH 1.2 hydrochloric solution are plotted; the weight increase of the spheres with grafting ofMMA is about 300%, that of spheres with MMA containing 3 mol% DM is about 330%, and that of spheres with MMA containing 10 mot% DM is about 200%. The amount released from spheres with grafting of MMA increased with time, and reached a saturated value at 140 h; this was about 60% of the maximum amount of entrapped salicylic acid. On the other hand, the aniount released increased with the addition of DM to MMA (3 : 97), and maximum release occurred within 40 h. Salicylic acid could be released within 4 h by further increasing the content of DM in the graft copolymer. From this figure, it is clear that the dissolution time can be adjusted by controlling the DM content in the comonomer.
Elution of Salicylic Acid from Modified Spheres
The drug was dispersed in the matrix and diffusion occurred through solution-filled pores in the matrix. The amount of salicylic acid released can be written as follows; (4) where C is the amount of drug released at any given time t, Co is the initial amount of drug in the spheres, r is the radius of the wet particle, E is the porosity of the matrix, T is the tortuosity of the matrix, and Diw is the diffusion coefficient of the drug in the solution.10,11) The value of C/Co is plotted against the square root of time in Fig. 10 , where the weight increase of the spheres with grafting of MMA is about 150%, that of the spheres with DM-MMA is about 180%, and that of the spheres with DE-MMA is about 190%. A linear relationship was The symbols are the same as those in Fig. 1 . obtained within a certain time range and then gradually changed to a saturated curve as shown in Fig. 10 .
The K values obtained from the relationship between C/C0 and the square root of time are plotted as a polymer fraction in Fig. 11 ; K represents the release rate constant of salicylic acid from the modified spheres. The K values decreased with increasing polymer fraction, and thus the release rate of salicylic acid was suppressed with increasing polymer fraction. The K values increased with increasing amino ester content in the graft copolymer.
As expressed in Eq. 4, the diffusion rate constant depends on the radius of the wet particle, the porosity and the tortuosity. The porosity can be approximately expressed as the weight swelling ratio. MMA, the amount of salicylic acid entrapped in modified spheres linearly increased with the degree of grafting. Salicylic acid was entrapped as a salt. Increasing amino ester content led to an increase in particle size and a decrease in the amount of entrapped salicylic acid. The amount of salicylic acid released was proportional to the square root of time, and diffusion of salicylic acid through solution-filled pores in the matrix was rate-limiting. The diffusion rate coefficient increased with increase in the weight swelling ratio of modified spheres . It was concluded that the extension of graft copolymer chains in solution was very important factor affecting the entrapment and the release rate of drug in the case of porous microspheres.
